Towards a Commercial Parabolic Trough CSP System Using Air as Heat Transfer Fluid  by Good, P. et al.
 Energy Procedia  49 ( 2014 )  381 – 385 
Available online at www.sciencedirect.com
ScienceDirect
1876-6102 © 2013 A. Steinfeld. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer review by the scientifi c conference committee of SolarPACES 2013 under responsibility of PSE AG. 
Final manuscript published as received without editorial corrections. 
doi: 10.1016/j.egypro.2014.03.041 
SolarPACES 2013 
Towards a commercial parabolic trough CSP system using air as 
heat transfer fluid 
P. Gooda, G. Zanganeha,b, G. Ambrosettib, M.C. Barbatoc, A. Pedrettib, A. Steinfelda,d,* 
aETH Zurich, Sonneggstrasse 3, 8092 Zurich, Switzerland 
bAirlight Energy SA, Via Croce 1, 6710 Biasca, Switzerland 
cSUPSI, Galleria 2, 6928 Manno, Switzerland 
dPaul Scherrer Institute, 5232 Villigen, Switzerland 
Abstract 
We report on major design innovations related to the trough concentrator, solar receiver, and thermal storage of a parabolic 
trough CSP system. A 9.7 m aperture parabolic trough mirror is formed by inflated, metallized, polymeric films mounted on a 
rigid and durable concrete support structure. The novel receiver design, which uses air as the heat transfer fluid at ambient 
pressure, is based on an array of absorber cavities coupled to secondary concentrating optics for operating temperatures 
exceeding 600 °C. The solar-heated air is directly fed to a thermal energy storage unit based on a packed bed of rocks to 
guarantee round-the-clock dispatchability of high-temperature heat to the power block. A commercial CSP plant with a projected 
peak thermal power output of 3.9 MWth is currently under construction in Ait Baha, Morocco. 
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1. Introduction 
After 30 years of commercial operation, parabolic trough CSP plants with oil as heat transfer fluid (HTF) have 
proven to be among the most viable options for large-scale solar electricity generation. However, as identified by 
several technology reviews [1-3], these conventional CSP plants suffer from several technical and economical 
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drawbacks. The fabrication of the concentrator involves expensive glass reflectors and metallic structures, which 
suffer from lack of rigidness at large trough apertures. Because of thermal stability, the maximum operating 
temperature of the HTF is restricted to below 450 °C, which in turn limits the attainable thermal-to-electric 
efficiency of the power block. Troublesome thermal storage concepts involving molten salt coupled to the oil-based 
solar field via heat exchangers are required to extend the daily time span of electricity generation. In this paper, an 
innovative CSP system is presented which leverages the potential of solar parabolic troughs and tackles the 
aforementioned shortcomings with innovations associated with the three subsystems, namely: the solar concentrator, 
the solar receiver, and the thermal energy storage. We further report on the design and construction of the first 3.9 
MWth peak pilot-scale plant in Ait Baha, Morocco. 
2. System description 
2.1. Solar trough concentrator 
A schematic of the solar collector is shown in Fig. 1, left. Each of the two mirror halves is constructed from a 
multi-layer stack of bi-axially oriented polyester films (boPET). The topmost membrane is silvered in order to obtain 
a highly reflective surface, with 93% total specular reflectance for the solar spectrum. The mirror foils and solar 
receiver are protected from external impacts (e.g. wind, dust) by an inflated membrane system, consisting of a 
transparent ethylene tetrafluoroethylene (ETFE) foil at the top, of 92% total transmittance for solar radiation, and a 
PVC-coated polyester film at the bottom. By applying gradually decreasing pressures from the uppermost to the 
lowermost pressure chambers, the metallized top mirror membrane forms a profile consisting of a number of 
tangentially adjacent circular arc segments that approximate the shape of a parabola (cf. Fig. 1, right). 
 
A detailed numerical and experimental analysis of such an optical design system with 3.5 m focal length and 9 m 
effective aperture was performed in a previous study [4], showing that one half of a parabolic trough may be 
accurately constructed with four membranes [4]. To further optimize the design, several slight modifications have 
been implemented. Most notably, the focal lines of the two mirror halves have been separated, the focal length has 
been reduced to 3.25 m and the cumulative aperture width has been increased to 9.7 m. The corresponding arc radii 
and differential pressures are summarized in Table 1. The geometric concentration ratio of the trough mirror is 73x. 
 
 
 
Fig. 1. Schematic of the solar collector (left) and geometry of inflated membrane trough concentrator (right). 
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Table 1. Geometric baseline parameters and optimized top mirror foil arc radii Ri and 
differential design pressures pi with respect to p5 = 0 Pa. 
Focus and rim positions  Mirror membrane parameters 
  i Ri [m] pi [Pa] 
Focal length Fz [m] 3.250 1 6.785 50.0 
Focus separation half-distance Fx [m] 0.280 2 7.804 26.2 
Inner rim point x-boundary P1,x [m] 0.685 3 9.522 23.7 
Outer rim point x-boundary P5,x [m] 5.535 4 12.183 19.0 
 
The inflated membrane concentrator system is mounted on a concrete frame which provides a rigid support for a 
stable operation despite the relatively large aperture. The trough typically tracks from –70° to +70° on a north-south 
or east-west oriented axis and is driven every 17.64 m by a chain drive actuating the externally geared concrete 
wheel, which guarantees a tracking error that is at least an order of magnitude smaller than the maximum acceptable 
value of ±0.5°. The collector inflation air is filtered and dehumidified, and remains below the dew point. The 
maximum power consumption by all active components of a 211.68 m long standard collector with an active 
projected area of 2’053 m2 is estimated at 2 kWel. 
2.2. Solar receiver 
To overcome the operating temperature limit of 450 °C of oil-based parabolic trough receivers, which is 
primarily imposed by the thermal stability of the heat transfer fluid and selective absorber tube coating, several 
fundamental modifications have been implemented: 1) The thermal oil has been replaced by air as HTF, which is 
free of cost, nonpolluting, and has practically no operating temperature limit. 2) The selective coating has been 
eliminated by the use of a cavity-receiver [5, 6]. 3) A novel receiver based on an array of absorber cavities has been 
designed for a maximum operating temperature of 650 °C. The cross-section of the solar air receiver is shown 
schematically in Fig. 2. 
 
The new receiver implements a cross-flow design where the full temperature gain is achieved in each absorber 
cavity. The air inlet and outlet are located on the same side of the collector. This design is easily scalable and offers 
a high flexibility in the plant layout such as variable collector lengths. For a standard 211.68 m long collector, the 
hot air duct has a diameter of 450 mm, while on the cold side a main pipe with a diameter of 400 mm (not shown in 
Fig. 2) feeds the absorber tubes through T-branches placed every 5.88 m and equipped with baffle valves to actively 
equilibrate the mass flow along the full collector. 
 
 
 
Fig. 2. Schematic cross-section of solar air receiver based on an array of cross-flow cavities (left) and CAD view (right). 
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On-sun tests with a small-scale prototype receiver yielded air outlet temperatures beyond 600 °C. At normal 
incidence and a direct normal solar irradiance (DNI) of 1 kW/m2, and assuming air inlet and outlet temperatures of 
120 °C and 650 °C respectively, the collector is expected to reach its maximum solar-to-thermal efficiency at 64%. 
The associated peak thermal power and pumping power requirement for a 211.68 m long standard collector are 1.3 
MWth and 8 kWel respectively. Accordingly, assuming a thermal-to-electric conversion efficiency of 35%, up to 
1.8% of the expected power output is consumed by the fans to circulate the process air. 
2.3. Thermal storage 
The use of air as HTF enables the application of a proven and inexpensive thermal energy storage (TES) concept 
based on a packed bed of rocks. A detailed numerical and experimental analysis of a 6.5 MWhth pilot-scale storage 
prototype is presented in [7]. The tank is typically immersed in the ground and embedded in an external layer of 
concrete to avoid deformation caused by thermal expansion of the storing material. The lateral walls consist of a 
first layer of ultra-high performance concrete (UHPC) on the packed bed side with high mechanical stability and a 
second layer of low density concrete with low thermal conductivity in order to reduce thermal losses. The tank is 
insulated with Foamglas and Microtherm on the lateral walls and under the lid. The storage material is pebbles with 
an equivalent sphere diameter of 2-3 cm. To exploit buoyancy effects and maintain thermal stratification inside the 
packed bed with the hottest region being at the top, the storage is charged with hot air entering from the top, 
percolating through the packed bed, and being collected at the bottom. During discharging, the flow direction is 
reversed as cold air is circulated through the tank from the bottom [7]. The maximum operating temperature is about 
800 °C, limited mainly by the materials of construction of the tank. The TES system guarantees round-the-clock 
dispatchability of high-temperature heat to the power block. 
3. First commercial solar plant 
A commercial solar plant is currently under construction in Ait Baha, Morocco (30° 13’ 1’’ N, 9° 8’ 6’’ W) for 
the purpose of boosting electricity production from waste heat of a cement factory. The solar plant layout is shown 
schematically in Fig. 3. It is composed of three 211.68 m long solar collectors and a TES unit. The solar field has a 
total active aperture area of 6’159 m2. It provides a maximum thermal power of 3.9 MWth to the TES and to an air-
to-oil heat exchanger coupled to an organic Rankine cycle (ORC). The air temperatures of 250 °C and 650 °C on the 
cold and hot sides are specified by the power block and the solar field, respectively. The TES unit is designed for a 
capacity of 12 h of nominal production. For an estimated solar resource of 2’400 kWh/m2/yr, the solar plant is 
expected to contribute 2’390 MWhel/yr to the yearly electricity generation. A photograph of the construction site is 
shown in Fig. 4. 
 
 
 
Fig. 3. Layout of pilot-scale plant in Ait Baha, Morocco. 
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Fig. 4. Photograph of front view of one collector with finished concrete support structure and mounted PVC-PES foil taken at the construction 
site in Ait Baha, Morocco. 
4. Summary and outlook 
The CSP system presented features three major combined innovations: 1) the solar trough concentrator consists 
of polymeric membranes and a rigid concrete support structure, which allows for large aperture widths up to 10 m; 
2) the solar receiver uses air as HTF and operates at 650 °C, increasing the achievable thermal-to-electric efficiency 
in the power block. 3) The TES system is based on a low-cost packed bed of rocks. The first commercial plant of 
this kind with a peak thermal capacity of 3.9 MWth is currently under construction in Morocco, scheduled for 
commissioning in 2013. 
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